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A novel method has been developed to map activation in the
triangle of Koch during surgery for cardiac arrhythmias and
relate the map to anatomic landmarks. It uses a hand-held
electrode mounted in a freely moving linkage that has three
degrees of mechanical freedom. The movements of the linkage are
sensed by a computer that continuously calculates the coordinates
of the electrode. The surgeon clamps the device over the triangle
of Koch after the right atrium has been opened and uses the
electrode to trace the anatomic landmarks of the region that are
displayed on the computer screen.
The position of the electrode is displayed continuously relative
to these landmarks and electrograms are recorded at known
Identification of the pathways that activate the atria during
atrioventricular (AV) node reentrant tachycardia and atrial
flutter is of great surgical and physiologic interest. Accurate
surgical mapping of the pathways in these arrhythmias may
provide additional insight into their treatment with catheter
ablation, This report describes preliminary results obtained
with a novel method for mapping activation of the region of
the triangle of Koch during surgery for cardiac arrhythmias.
This method was developed to measure the precise positions
at which electrograms were recorded to construct activation
maps that bear an accurate three-dimensional relation to
anatomic structures in the region and are not dependent on
rigid interelectrode spacing.
Methods
Mapping system. The mapping system is a mechanical
device linked to a computer; it is fixed to the operating table
and terminates in a sterile electrode probe that is positioned
over the triangle of Koch after the patient is placed on
cardiopulmonary bypass and the right atrium has been
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positions to generate a map. The activation sequences during sinus
rhythm, atrioventricular node reentrant tachycardia, "common"
and "uncommon" atrial flutter, long RP' tachycardia and retro-
grade conduction through paranodal pathways are presented.
It is concluded that 1) the high spatial resolution reveals
physiologically important areas in the maps that are 8 mm long
and 3 mm wide and that these areas can be related to specific
anatomic landmarks; 2) there are complex electrograms in the
region that may reflect the activation of different myocardial
layers; and 3) there are marked changes in conduction velocity
and direction within the region.
(J Am Coil Cardiol1992j19:601-6)
opened. The device (Fig. 1) contains a slide that holds the
exploring electrode on its tip and can travel freely in its
mounting arm. The slide mounting arm is held in a pair of
gimbals that allow rotation about two axes. A handle at-
tached to the slide near the electrode allows the surgeon to
move the electrode over the endocardium. The coordinates
of the electrode are determined by the rotation of the two
axes within the gimbals and the distance that the slide has
traveled out of its retaining arm. The rotations of the two
gimbal axes are measured using coaxially mounted servopo-
tentiometers and the travel of the slide is measured by
running a fine wire attached to it over a spring-loaded pulley
mounted on the axis of a third servopotentiometer. The
voltage signals from the servopotentiometers, which encode
the movements of the arm, together with the electrograms
recorded by the exploring and reference electrodes are
digitized at 1kHz with 12·bit precision on a Masscomp SLS
computer that controls the entire mapping system. The
position of the electrode tip can be measured with an
accuracy of ±O.4 mm. Currently, a unipolar 0.55-mm plati-
num electrode is used, but other types of electrodes can be
mounted on the tip of the arm.
The entire device, apart from the electrode and its handle,
is covered with a sterilized plastic sleeve during use. This
sleeve is clamped to the sterilized electrode assembly, thus
creating a sterile barrier between the device and the patient
(Fig. 1).
Electrogram recordings. After the patient is placed on
total normothermic cardiopulmonary bypass with bicaval
cannulation, the right atrium is opened with an oblique
0735-1097/92/$5.00
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Figure 1. Diagram of the mapping device, showing the gimbals with
its two axes of rotation supporting the arm. The slide travels within
the arm and its motion is detected with a pulley system attached to
the arm. The sterile sleeve, which is cut away in the diagram and in
reality covers the entire device, is clamped to a sterile seal on the
slide.
incision and the device is positioned over the triangle of
Koch and clamped rigidly to the operating table. Under the
control of the computer, the surgeon uses the electrode to
trace the positions of the tricuspid valve anulus, the tendon
of Todaro and the os of the coronary sinus together with
reference points at the boundaries of the region to be
mapped. The position of these structures is displayed in
perspective on the computer screen and all subsequent
measurements are referred to it. The position of the explor-
ing electrode is represented as a cursor whose position is
updated 10 times each second. The computer program can
synchronize the measurement of position with one of the
reference electrograms so that the geometry of the map is
related to a particular point in the cardiac cycle.
The computer program controlling the mapping system
allows data to be collected separately during sinus rhythm,
tachycardia or ventricular pacing. When an electrogram is
recorded, its position is marked as a spot on the computer
display (Fig. 2). The electrograms can be edited and the
activation times computed at any time during the procedure.
The program also allows His bundle potentials to be dis-
played as distinct markers in relation to the structures within
the map. When the timing of the electrograms has been
established by using the peak derivative of the complex for
the roving electrode and the zero crossing with the peak
derivative for the reference electrodes, the spots represent-
ing the positions at which they were recorded are color-
coded to indicate their activation sequence. It is also possi-
ble to flash the spots in the sequence of their timings, giving
a dynamic display of the activation pattern. Finally, after the
procedure, the data can be processed using more sophisti-
cated methods to obtain activation maps. The isochrone
maps presented here were obtained by three-dimensional
interpolation of the activation times, using tesselation be-
• •~--------
Figure 2. Appearance of the display while mapping with the device.
The tricuspid valve anulus, tendon of Todaro and coronary sinus are
shown as solid lines on the plot and the positions at which electro-
grams were recorded are shown as small diamonds. The larger
rectangles are sites at which His potentials were measured during
sinus rhythm. The cross surrounded by a rectangle is the cursor that
indicates the position of the mapping probe at any instant.
tween the points to obtain local spatial derivatives and
subsequent bicubic interpolation of the surface with contin-
uous spatial derivatives at each observed point (1).
Results
AV node reentrant tachycardia. Figure 3A shows an
activation map obtained during sinus rhythm in a patient
undergoing surgery for atrioventricular (AV) node reentrant
tachycardia. There is a smooth progression of activation
from the septum, passing under the tendon of Todaro into
the triangle of Koch, with the atrium in the region of the His
bundle being activated before that surrounding the coronary
sinus. This sequence is compatible with the recent data of
Chang et al. (2) and normal baseline catheter electrophysio-
logic studies. Figure 3B shows a map of the excitation during
AV node tachycardia in the same patient. There is a site of
early activation near the membranous septum and a marked
reduction in conduction velocity with a different direction of
spread across the triangle from that recorded during sinus
rhythm.
Common atrial flutter. Figure 4 shows the activation map
obtained during surgery for paroxysmal common atrial
flutter. computed from 43 observations. The shape of the
triangle of Koch is markedly different from that in the
previous case (Fig. 3). Excitation enters the triangle from the
inferolateral direction and slows in a region approximately 8
by 3 mm that runs from the tricuspid anulus across the
middle of the triangle and terminates lateral to the coronary
sinus. There are regions marked by slow and anisotropic
conduction, and one part of the slowly conducting zone at
the edge of the tricuspid anulus is about 4 mm from the His
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bundle. After an 80-ms delay in traversing the triangle,
excitation accelerates into the septum coincident with the
negative f wave on the ECG, sweeps around the coronary
sinus and fuses with the slower conducted activation in the
middle of the triangle.
Two 5-mm 2-min -60°C cryolesions at the areas of slow
conduction identified by the map instantly abolished the
Figure 3. A, Map showing activation of the triangle of Koch during
sinus rhythm. Activation progresses from the septum passing
smoothly through the triangle over a period of 25 ms. The scale at
the left shows the relative timing of the e1ectrograms. B, Map of
atrioventricular reentrant tachycardia in the same patient. The
tachycardia terminated during the mapping and could not be reini-
tiated; thus, the map is incomplete. The site of earliest activation is
near the membranous septum and the conduction velocity is much
reduced when compared with that in A. The time scale is different
from that in A. CS = coronary sinus; IT = tendon of Todaro; TV =
tricuspid anulus. Data in all maps are in ms.
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Figure 4. Map obtained during "common" atrial flutter. Activation
begins in the inferolateral region and traverses the triangle of Koch,
slowing as it does so. The velocity of conduction near the apex of
the triangle increases so rapidly, activating the septum and also
sweeping around the coronary sinus (CS) to fuse with the slowed
activation from the superior part of the triangle. There was an error
in recording the position of the tricuspid valve anulus (TV) in this
map. The points above the line representing the tricuspid anulus
show its true position. TT = tendon of Todaro.
flutter and this was followed by a line of cryolesions from the
septal side of the coronary sinus to the tricuspid anulus.
Atrial flutter was noninducible postoperatively and the pa-
tient has remained asymptomatic for 14 weeks since the
operation.
Type II atrial flutter. Figure 5 shows a map of type II
atrial flutter induced using isoproterenol infusion in an
attempt to stimulate tachycardia during surgery for the
Lown-Ganong-Levine syndrome. In contrast to the activa-
tion sequence in Figure 4, activation enters the triangle from
the septum and passes around the coronary sinus in about
35 ms without any slow conducting regions. There is a
second focus of early activation in the lateral part of the
triangle (discussed later) and the region surrounding the
coronary sinus is activated nearly simultaneously.
Ventricular pacing. Figure 6 shows atrial activation dur-
ing ventricular pacing in a patient with AV node reentrant
tachycardia. Again, the shape of the triangle is different from
those in the preceding cases. There is a broad focus of
activation lateral and posterior to the anatomic position of
the AV node, which does not extend as far as the os of the
coronary sinus, with rapid spread into the septum after about
35 ms. After encircling cryolesions to the paranodal region
(3), including the region of early activation, the ventricular to
atrial activation time increased from 45 to 170 ms, suggesting
that the fast retrogradely conducting paranodal fibers had
been successfully ablated and that retrograde conduction
was through the AV node.
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Figure 5. Activation during "uncommon" atrial flutter. The triangle
is excited from the septum and the impulses pass rapidly around the
coronary sinus (CS) with slowed conduction in the lateral border.
Note the second site of early activation in the lateral border. TV =
tricuspid valve.
Incessant RP' tachycardia. Finally, Figure 7 shows the
activation sequence during incessant long RP' tachycardia.
In this patient, the coronary sinus was further lateral than
usual, with a distinct gap between the os of the coronary
sinus and the tendon of Todaro. The site of earliest activa-
Figure 6. Activation of the atrium during ventricular pacing in a
case of atrioventricular (AV) node reentrant tachycardia. The site of
earliest activation is posterolateral to the anatomic position of the
AV node and appears over a broad region. The point of early
activation closest to the tricuspid valve (TV) appears to excite the
septum. After cryoablation of the region, there was a 125-ms
increase in the paced ventricular to atrial activation time. Other
abbreviations as in Figure 3.
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Figure 7. Map of long RP' tachycardia, showing the earliest site of
activation between the coronary sinus (CS) and tricuspid valve
anulus (TV). The excited impulses enter the septum around the
coronary sinus and the high right atrium is activated at about 30 ms.
TT = tendon of Todaro.
tion arises from the border of the tricuspid anulus, well
lateral to the position of the His bundle. Despite extensive
cryolesions and dissection in this and other areas, the patient
was not cured.
Discussion
Mapping the triangle of Koch. Structures that have a
complex and variable three-dimensional shape are difficult to
map with relatively large fixed electrode arrays with known
interelectrode spacing. Although the atrial septum, including
the triangle of Koch, has been mapped with use of a fixed
electrode array (2), our measurements of the surface of the
triangle of Koch show that it has variable bidirectional
curvature and its size and shape vary markedly among
patients as may be seen by comparing Figures 3, 5, 6 and 7.
The triangle of Koch in Figure 4 is highly irregular and it
would be difficult to make a dense electrode array conform
to its surface. The advantages of the device described in this
report are that the sequence of activation can be related
rapidly and precisely to anatomic structures that can be
identified by the surgeon and that more densely spaced
eiectrograms can be obtained from "interesting" areas that
are revealed by the initial mapping.
A major problem with this technique is that the anatomic
position of the atrioventricular (AV) node cannot as yet be
identified electrophysiologically and related to visually iden-
tified landmarks. However, electrograms with a clear His
potential were recorded in all cases and were generally in the
conventional position close to the tendon of Todaro. There-
fore, it can be inferred that the position of the AV node lies
lACC Vol. 19. No.3
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close to these sites, but direct measurement of AV node
potentials would improve physiologic interpretation of these
maps.
Importance of dense sampling: atrial flutter. A feature of
the isochrone plots that are constructed using high resolution
is a detailed pattern to the activation sequences. The area of
slow conduction in the triangle of Koch during common
atrial flutter has been inferred by Chang et al. (2) using
synchronous atrial mapping and by Olshansky et al. (4) using
catheter mapping. Klein et al. (5) published epicardial acti-
vation maps generated from 60 electrograms obtained from
the entire atrial surface using a roving probe. One map was
suggestive of slowed conduction velocity in the region near
the coronary sinus, but the maps could not resolve the area
of slow conduction demonstrated in that patient.
We demonstrated that the region of slow conduction is
approximately 8 mm long and 3 mm wide and the major
advantage of the point mapping technique is that it can
resolve the slow conducting region with sufficient accuracy
to estimate its size. The small area of the region suggests that
the position of radiofrequency lesions during catheter abla-
tion may be critical to success, particularly in view of the
close association of the slow conducting region and the His
bundle. The map in Figure 4 shows that the circuit entering
the slowly conducting region can be interrupted with an
incision or line of cryolesions that runs from the posterior
side of the coronary sinus, across the mouth of the triangle of
Koch, toward the tricuspid anulus. This supports the con-
cept of the relatively simple anatomically based operation
for atrial flutter proposed by Guiraudon et al. (6).
The isochrones in Figures 4,5 and 6 do not have a simple
and smooth progression across the triangle of Koch but
show regions of delayed activation as well as conduction in
a variable direction. Because the mapping electrode is only
0.5 mm wide, these patterns may be due to the resolution of
discontinuities in conduction between small functionally
distinct bands of atrial muscle. This effect, described theo-
retically by Boineau et al. (7), may be of great importance in
generating the slow conducting and blocked regions that are
the substrate of atrial arrhythmias. This concept requires
further exploration using high resolution mapping.
Anatomic and physiologic implications: AVnode reentrant
tachycardia. The map shown in Figure 6reveals a wide band
of activation posterolateral to the anatomic position of the
AV node during ventricular pacing that corresponds to a
"type B" pathway in the classification of Ross et al. (8),
unlike the activation in Figure 3A, which is a "type A."
Although we could not demonstrate which part of the band
shown in Figure 6 actually supported the tachycardia and
which part represents fusion with AV node activation, the
fact that it is diffuse supports the rationale for the extensive
paranodal cryoablation procedure of Cox et al. (3) in AV
node reentrant tachycardia. Furthermore, the activation
shown in Figure 3A, which arises near the membranous
septum, shows slow conduction in the triangle of Koch
compared with that during sinus rhythm. This slow conduct-
ing atrial tissue may contribute to the reduction in antero-
grade conduction velocity between the paranodal pathway
and the AV node that is critical for maintenance of the
tachycardia circuit. Again, this supports the rationale for the
procedure of Cox et al. (3) of encircling cryolesions and for
meticulous catheter mapping in the radiofrequency ablation
of AV node reentrant tachycardia. The patient with a long
RP' tachycardia (Fig. 7) had unusual anatomy and the site of
earliest activation was lateral to the measured His bundle
potential. Because it arose from directly under the tricuspid
anulus, this pattern of activation does not fit the anatomic
classification of Ross et al. (8). It is possible that this unusual
site of origin may be related to the long path of slow
conducting fibers from the region of the AV node that
creates the delay in the retrograde limb of the tachycardia.
However, because the patient was not cured, it is unclear
how the map is related to the underlying anatomic circuit
that supported the tachycardia.
Complexity of electrograms. The second focus of activa-
tion shown in Figure 5 and the activation near the AV node
in Figure 6 raise an important issue in mapping the atrium.
Some of the electrograms in these regions had a number of
peaks during activation and as Ideker et al. (9) pointed out,
it is not clear which peak should be selected when construct-
ing a map. The complexity ofelectrograms in this region may
be interpreted as reflecting a number of activation processes
within the receptive field of the electrode. In Figure 5, one of
these apparently emerges at the focus of activation, which is
definitely earlier than the surrounding electrograms. Also,
unlike surface bipolar electrodes, because the unipolar elec-
trode used in this study measures the resultant activation
spread in the normal direction to the epicardium, different
activation maps may be constructed that depend on the
particular feature of the electrogram used to construct the
map. This is shown in Figure 8, which is the same map as in
Figure 6, except that the earliest deflection of the electro-
gram is used. The spread of excitation across the triangle is
more rapid in this map and may reflect spread through
superficial endocardial layers, whereas the slower compo-
nents may reflect activation through the AV node. If the
atrium is activated in a complex way with several suben-
docardial layers of myocardium involved, the activation
maps presented in Figures 5, 6 and 8 are too simplistic to
reveal all the electrophysiologic events in the region and
methods of mapping separate processes may have to be
developed to understand fully the mechanisms of these
tachycardias.
Limitations of the technique. The effect of cardiac motion
on the position of the electrograms was corrected by assum-
ing the position of the electrode to be at the activation of the
reference atrial electrode. In our early experiments, the
position of the landmarks was not corrected for cardiac
motion as the surgeon traced them using the electrode. In
one case (Fig. 4), the position of the tricuspid anulus was
marked incorrectly for this reason. In fact, the points above
the line representing the position of the tricuspid anulus
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Figure 8. Map of atrial activation from the data in Figure 6, with the
earliest deflection of the electrogram used as the timing point. A
representative electrogram associated with one observation is
shown. The spread of impulses across the triangle is faster when this
electrographic feature is used to generate a map. Abbreviations as in
Figure 3.
mark its true position. The difficulty of precisely recording a
specific landmark on the beating heart as well as deciding
what actually constitutes the boundary of the landmark is the
greatest source of error in relating the activation map to the
anatomy of the region and is far greater than the mechanical
imprecision of the instrument. At the end of the study, the
landmarks are retraced to check for drift and gross move-
ment of the region.
Because this method is a point-mapping system, the
stability and sustainability of the tachycardia are essential.
In our experience, AVnode reentrant tachycardia is difficult
to induce intraoperatively and is often nonsustained, which
makes point mapping unreliable. In the atrial flutter maps
presented in Figures 5 and 6, the relative timing of the
ventricular and atrial reference electrograms remained re-
markably constant to within 10 ms and the tachycardia cycle
length varied by a maximum of 6 ms. Thus, it is likely that
the interpolated plots were obtained from stable data. The
electrograms were not obtained in any particular spatial
pattern and the coherence of their timing makes large
fluctuations in the activation sequence unlikely.
Conclusions. These results show that mechanical local-
ization of the electrode during mapping of the AV node
region is feasible and yields meaningful physiologic data.
However, we regard the mechanical positioning technique as
complementary to electrode array mapping and believe that
a combination of these systems would be ideal. Because a
mechanical localization system can explore the irregular
shaped surface of the triangle of Koch in great detail, it can
be used to refine a map made with an electrode array and
may precisely reveal the substrates of curable atrial arrhyth-
mias.
This study was prepared with the technical assistance of Peter Hodt and
Ronald Miles. Mechanical Workshop, Department of Medical Physics, St.
George's Hospital. London, England.
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